Current fluctuations in a mesocopic conductor, or quantum shot noise [1] , reflect the granularity of charge transfers across the conductor. By measuring low frequency current fluctuations, one can probe the correlations between subsequent charge transfers and quantify how random these transfers are. Those correlations are underpinned by the interplay between the quantum statistics of the particles flowing across a given conductor, electronic interactions, and the physical mechanisms giving rise to transport in the conductor. Rare, uncorrelated charge transfers lead to Poissonian shot noise S II ¼ 2ehIi, with e the charge of the quasiparticles and hIi the average value of the dc current flowing across the conductor. Correlations between subsequent transfers are encoded in the Fano factor F, defined as the ratio between the shot noise and its Poissonian value. Fermionic statistics tend to impose some order on charge transport [2, 3] , characterized by reduced fluctuations (F < 1), or, in the case of perfectly ballistic conductors, fully noiseless transport (F ¼ 0). While Coulomb interactions tend to do the same [4] , they can, in some remarkable cases, give rise to positively correlated transport processes with super-Poissonian (F > 1) fluctuations, where charges flow in bursts through the conductor.
Coulomb-blockaded quantum dots are very rich systems, as they can not only present Poissonian and sub-Poissonian transport regimes [1, 4] , but also, depending on their internal structure, strongly correlated transport with super-Poissonian current fluctuations [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . The latter regime corresponds to non-Markovian transport processes where the transfer of a charge across the dot changes its state, thereby influencing the next transfer event [5] . As a result, the quantum dot randomly switches between highly and poorly conducting channels while other parameters (e.g., temperature, bias voltage) remain fixed. This can happen in the sequential tunneling regime if several levels of a dot, with markedly different couplings to the leads, participate to transport. In that case the current across the quantum dot shows random telegraph signal features [15] , yielding strongly enhanced fluctuations [6, [13] [14] [15] 17] .
Inelastic cotunneling [18] is also expected to enhance the current fluctuations, as it is, by definition, a charge transfer process that changes the state of the quantum dot [5] . Several mechanisms leading to super-Poissonian shot noise in the inelastic cotunneling regime have been proposed, depending on the internal structure of the quantum dot and the respective chemical potentials of the dot and the leads. Some of these mechanisms are depicted in Fig. 1 , for a N-charge quantum dot with a single excited state labeled N ⋆ . Inelastic cotunneling (blue arrows) events leave the dot in the excited state
transition involving N ⋆ sits in the bias window, allowing direct transport through the dot after the cotunneling event [19, 20] . This process, usually referred to as cotunneling-assisted tunneling (CAST [10, 21] , or COSET [12, 17, 22, 23] ), is depicted as dashed red arrows in Fig. 1 . It leads to enhanced fluctuations, as the system randomly switches between the blocked state N and the conducting (excited) state N ⋆ [7, 9, 10, 12] . In ③, all transitions are outside the bias window, and the dot is always in a blocked state. This can nonetheless lead to enhanced fluctuations: indeed, whether the quantum dot is blocked in the ground or excited state, elastic cotunneling (green dashed arrows in Fig. 1 ) with a priori different rates can occur. Inelastic cotunneling events will then randomly switch the quantum dot between states with different (albeit small) conductances, yielding super-Poissonian PHYSICAL REVIEW LETTERS 121, 027701 (2018) 0031-9007=18=121(2)=027701 (5) 027701-1 © 2018 American Physical Society fluctuations [10, 12] . This latter regime occurs if Δ Ã < E c =3, where Δ Ã is the excited state energy and E c the charging energy [10, 12, 17, 19, 21, 23] . Previous experimental works reported the observation of super-Poissonian noise in carbon nanotubes [8, 17] and in GaAs=AlGaAs [16] quantum dots in the inelastic cotunneling regime. In Refs. [16, 17] , the structure of the excited states suggest that the enhanced shot noise is due to COSET processes; however, no clear modulations in the Fano factor, such as the ones predicted in Refs. [10, 12] that discriminate between the mechanisms described above, have been observed so far. In this Letter, we present the first clear observation of such modulations.
We have investigated quantum dots formed in silicon nanowire metal-oxide-semiconductor field-effect transistors (MOSFETs), fabricated using a microelectronics technology based on 300 mm silicon-on-insulator (SOI) wafers. The low-temperature electronic conductance properties of such devices have been extensively studied in previous works [24] [25] [26] [27] [28] [29] [30] [31] [32] , showing very robust Coulomb blockade characteristics. We performed conductance, current, and shot noise measurements in several small-size (≈20 × 30 × 10 nm) p-type devices using the setup described in Fig. 2 , at a temperature of 0.3 K in a cryogen-free He-3 refrigerator. We measure the excess shot noise S II in the quantum dot with a cross-correlation technique [33] [34] [35] , where the current fluctuations on either side of the device are filtered at low temperature by RLC tanks with a resonance frequency of approx. 3.5 MHz, and amplified using homemade ultralow noise preamplifiers. The cross-correlation of the outputs of both preamplifiers is then computed using a high speed digitizer. The dc and low frequency signals through the quantum dot (drain-source voltage V DS , dc current I, and differential conductance dI=dV DS ) are applied and measured through the inductor of each RLC tanks. This allows us to simultaneously measure S II and dI=dV DS as a function of V DS and gate voltage V g . In the most stable devices, we can compare the simultaneously acquired differential conductance and shot noise with the current, obtained in separate acquisitions, with very small drifts in gate voltage over extended periods of time (typically 2.5 mV in a week). From the independents measurements of S II and I, we compute an effective Fano factor F ¼ S II =2eI.
Figure 3(a) shows measurements of dI=dV DS in our best device, displaying two Coulomb diamonds (identified by the number of holes N − 1 and N), analyzed in this Letter (measurements over the full range of V g , as well as in other devices, are shown in the Supplemental Material [35] ). The edges of the diamonds indicate the transitions involving ground states of the quantum dot, highlighted by the continuous yellow lines in Fig. 3(a) . Similarly, the transitions involving excited states of the quantum dot, associated with resonances in dI=dV DS outside of the diamonds, are highlighted by the dashed yellow lines. The negative slope resonance lines, corresponding to quantum dot transitions aligned with the electrochemical potential of the source, are constructed by comparing dI=dV DS and IðV DS Þ [35] . We extract the lever arms [35] , as well as the charging and typical excited states energies E c ≈ 8.7, Δ Ã ≈ 2.2 meV. Note that these parameters are not constant over the full range of V g , as the shape of the quantum dot is modified for large excursions in gate voltage [35] . dI=dV DS is nonzero inside the diamonds, indicating the presence of cotunelling processes. The aforementioned condition Δ Ã < E c =3 to observe the various cotunneling regimes ①, ②, and ③ is fulfilled in our device. This is shown by extending the (yellow dashed) excited transitions lines into the Coulomb diamonds, yielding the light blue dashed lines in Fig. 3(a) . As demonstrated below, these regimes indeed give rise to different shot noise contributions. PHYSICAL REVIEW LETTERS 121, 027701 (2018)
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We quantitatively discriminate elastic and inelastic cotunneling regimes by exploiting our measurements of the current I flowing across the dot. We check that the measured current [35] shows V DS and V g dependences accurately matched by the resonance lines shown in Fig. 3(a) . We then extract the onset of inelastic cotunneling, plotted as thick, dotted white lines in Fig. 3(a) , by tracking, for a given value of V g , at which V DS does I change from a linear V DS dependence (characteristic of elastic cotunneling) to a power-law dependence (characterizing inelastic cotunneling) [36, 37] . The onset closely follows the edges of the diamonds in vicinity of the charge degeneracy points, then clearly bifurcate inside the diamonds upon reaching the first excited state resonance. Furthermore, dI=dV DS is clearly nonzero beyond the onset lines. Note that the onset lines do not correspond to constant V DS , which is reminiscent of energy renormalization due to inelastic cotunneling [38, 39] . The extraction of the onset is illustrated in Fig. 3(b) for V g ¼ −0.7975 V, plotting IðV DS Þ in log-log scale (left Y axis, blue dots). Below V DS ≈ 2.3 mV, defining the onset, IðV DS Þ is linear (the violet line is a linear fit of the data in that range), then takes a power law ðV DS Þ α , with α ≈ 3-7 (red area) [35] . Plotting the Fano factor F on the same graph (right Y axis, red symbols) shows the noise contribution of each cotunneling regime: while F stays below the Poissonian value F ¼ 1 in the elastic cotunneling regime, it rapidly shoots up to significantly large values F ≈ 2.5 in the inelastic cotunneling regime, then decreases back to sub-Poissonian values outside of the Coulomb diamond. Figure 4 shows a map of F over the same range of V DS and V g as in Fig. 3(a) , also including the resonance lines and the inelastic cotunneling onset presented in the latter. With a few notable exceptions, which we discuss below, F is, very clearly, only above the Poisson value in the regime of inelastic cotunneling. In the elastic cotunneling regime, F generally takes values smaller than 1. Note that given the small magnitude of both I and S II in this regime, F presents large relative fluctuations. For clarity, we have set F ¼ 0 whenever either I < 50 pA or S II < 2 × 10 −29 A 2 =Hz. Outside of the diamonds, F is close to 0.5, the value PHYSICAL REVIEW LETTERS 121, 027701 (2018) 027701-3
for sequential tunneling across a dot with symmetric barriers [1] . We now discuss the variations of F in regions ①, ②, and ③ in the inelastic cotunneling regime. As shown in Fig. 4 , F presents sizable modulations, on the order of unity, depending on the position of the excited states transitions with respect to source and drain electrochemical potentials, that match the regions delimited by the blue dashed lines. This appears clearly when taking line cuts of the data at fixed V DS , as a function of V g : just above the inelastic cotunneling onset, at V DS ¼ 2.7 mV (dark brown line in the bottom panel of Fig. 4) , F is nonmonotonic inside the diamond, with a local minimum at F ≈ 1.7 in the region labeled ③ in Fig. 3 . Larger values of F on either side of that minimum can thus be attributed to COSET processes such as ① and ②. As V DS is increased, all cotunneling processes end with an excited transition in the transport window, and the local minimum vanishes, as illustrated by the line cut at V DS ¼ 4.8 mV (brown line in the bottom panel of Fig. 4 ). The measured modulations of F in the inelastic cotunneling regime mimic those predicted in Refs. [10, 12] , indicating that super-Poissonian current fluctuations indeed stem from different mechanisms depending on the position of the excited states transitions with respect to drain and source electrochemical potentials. Figure 4 shows that, unexpectedly, F takes superPoissonian values even for V DS below the inelastic cotunneling onset, close to the edges of the diamonds. This regime of comparatively large fluctuations is quantitatively different from the inelastic cotunneling regime, as illustrated by Fig. 5 , where we have plotted the V DS dependence of both I and F, in, respectively, log-log and semi-log scale, for three values of V g leading to different transport regimes. These values are indicated by vertical arrows in Fig. 4 : for V g ¼ −0.7935 V (red), Coulomb blockade is lifted, and the tunneling through the quantum dot is sequential, leading to comparatively large currents. This regime yields usual, subPoissonian values of F, saturating at the symmetric value F ¼ 0.5 at large V DS . The data at V g ¼ −0.8 V (blue) are similar to the ones shown in Fig. 3(b) , first showing a linear IðV DS Þ behavior in the elastic cotuneling regime (blue line), followed by an approximative ðV DS Þ 4 dependence in the inelastic cotunneling regime. As discussed above, this leads to super-Poissonian values of F only in the inelastic cotunneling regime. The data at V g ¼ −0.795 V (green), close to the edge of the diamond, differ markedly from the previous regimes: indeed, while here IðV DS Þ remains essentially linear, taking intermediary values in the nA range, F takes large, super-Poissonian values in the whole range of V DS , in particular, well below the inelastic cotunneling onset (appearing as the edge of the red shaded areas in both panels of Fig. 5 ). This behavior of comparatively large, linear IðV DS Þ together with super-Poissonian fluctuations below the inelastic cotunneling onset appears in both N − 1 and N diamonds shown in Fig. 4 , for positive and negative V DS (see also Ref. [35] for maps of the measured current versus V DS and V g ). Note, however, that (i) it is not observed in all Coulomb diamonds for this device, and (ii) surprisingly, it only appears on one side of each diamond, namely, towards the N ↔ N − 1 degeneracy point of the N-hole diamond. This asymmetry is also seen to some extent in the inelastic cotunneling regime [35] . To our knowledge, there is no straightforward mechanism leading to enhanced current and fluctuations in the elastic cotunneling regime. Among the possible explanations, dynamical channel blockade [6] can be ruled out by the fact that it occurs outside of the Coulomb diamonds, and that it requires the presence of excited states at energies below 2 meV, which are not clearly observed in the differential conductance. Another mechanism stems from the possible presence of nearby charge traps poorly coupled to the leads. Single dopants located below the spacers can act as such charge traps [27] , randomly switching the conduction state of the quantum dot, thereby increasing current fluctuations. Previous studies on similar nanowire MOSFETs showed that the presence of such traps is characterized in dI=dV DS measurements by large scale V g periodicity and phase shifts in the Coulomb diamonds [27, [40] [41] [42] . While these features do not appear clearly in the measured conductance, similar ones can be seen in the measured shot noise [35] ; it is thus not entirely unlikely that the presence of one or more charge traps gives rise to the measured enhanced fluctuations at low V DS .
In summary, we have observed for the first time clear modulations of super-Poissonian fluctuations in the inelastic cotunneling regime, which stem from distinct 
